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LIMP HOME MODE FOR A BATTERY
ELECTRIC VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to EP patent application
no. 20161548.1 filed 6 Mar. 2020, entitled “Limp home
mode for a battery electric vehicle.” The entirety of the
alorementioned application 1s hereby incorporated herein by
reference.

TECHNICAL FIELD

The disclosure relates to a safety system for a battery
clectric vehicle (BEV) that comprises one or more electro-
motors powered by a battery system, wherein the safety
system allows a “limp home mode” to be activated. The
disclosure further relates to a battery electric vehicle pro-
vided with such a safety system. The battery system of the
clectric vehicle preferably 1s the sole power supply of the
vehicle for powering the one or more electromotors for a
prolonged period of time, e.g. a period of time greater than
10 minutes.

BACKGROUND ART

Electrical vehicles that are fully powered by a battery
system are known to provide a driver with an indication of
State of Charge (SoC) of the battery and/or an indication of
the range, 1n miles or km, left 1in the battery for powering
driving of the vehicle without having to recharge the battery.
When the SoC 1s at almost empty, the driver 1s shown a
warning, €.g. by displaying on a dashboard display a turtle
or other indication of low battery charge. The vehicle may
then still be driven at a lower power consumption 1 a so
called “limp home” or “turtle” mode during which regen-
erative braking can result 1n partial recharging of the battery.
Once the SoC reaches a predetermined lower threshold, the
battery 1s typically disconnected from the propulsion system
of the vehicle to avoid damage to the battery system.

Modern electric vehicles comply with ISO standard
26262-9:2018 which provides a risk classification scheme
for the automotive industry. The standard defines a number
of Automotive Safety Integrity Levels (ASIL levels) which
indicate a risk of potentially life-threatening or fatal injuries
in the event of malfunction of equipment. Propulsion power
loss due to low SoC 1s generally considered to conform to
ASIL level QM which 1s indicative of operation within
safety margins and does not dictate that further safety
requirements have to be put into place to mitigate the eflects
of propulsion power loss.

Battery events such as a thermal event during driving, or
a thermal event during charging, typically fall within ASIL
levels B, C or D, which require that safety measures for
mitigating the effect of these risks are provided, e.g. by
disconnecting the battery system when a thermal event 1s
detected, 1n order to prevent outgassing of the batteries. In
vehicles which are provided with redundant power supplies
for the vehicle propulsion system 1t 1s possible to disconnect
the battery system and switch the propulsion system to
another power supply to avoid propulsion power loss 1n case
of battery system {failure.

However, 1n electric vehicles which are not equipped with
a redundant power supply that 1s suitable for long term
powering one or more motors of the propulsion system of
the vehicle, any safety error that 1s detected in operation of
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the battery system results 1n the battery system being dis-
connected, and thus a loss of propulsion.

It 1s an object to provide a safety system for an electric
vehicle, which allows the electrically powered vehicle to
limp home 1n case of a safety related error in the battery
system or Battery Management System (BMS) of the
vehicle without requiring a redundant power supply. It 1s a
further object to provide an electric vehicle that comprises
such a safety system.

SUMMARY OF THE INVENTION

According to a first aspect the disclosure provides a safety
system for an electric vehicle, said vehicle comprising
consumers of electricity, wherein said consumers are parti-
tioned 1nto a first group of consumers of electricity adapted
for powering steering and propulsion of the vehicle, and a
second group of consumers, the safety system being con-
figured to be 1n commumication with a battery management
system, BMS, of the vehicle; and wherein the safety system
1s adapted for, upon detection of one or more safety related
errors 1 operation of the BMS and/or 1n operation of a
battery system of the vehicle, controlling the BMS to switch
to:

a) a limp home mode, 1n case a safety related error 1n
operation of the BMS 1s detected which 1s within
predetermined safety margins and 1t 1s detected that all
cells of the battery system operate within their prede-
termined rated voltage range and predetermined rated
temperature range, wherein in the limp home mode the
charging power of the battery system 1s set to zero; and

b) a disconnect mode, 1n case the battery system 1is
detected as operating outside predetermined safety
margins or one or more safety related errors 1n opera-
tion of the BMS outside predetermined safety margins
are detected, wherein 1n the disconnect mode the bat-
tery system 1s completely disconnected from the con-
sumers aiter a predetermined amount of time from said
detecting.

According to the disclosure a safety related error detected
in the BMS or battery system does not necessarily result 1n
the battery system being disconnected from the one or more
clectromotors which are part of the vehicle’s propulsion
system. Instead, a graceful degradation of vehicle perfor-
mance 1s provided. The one or more electromotors are part
of the first group of consumers which are arranged to draw
power from the battery system via the BMS. As long as the
BMS and battery system operate within predetermined
satety limits suflicient power may still be discharged from
the battery system to the electromotors to drive the vehicle
in the limp home mode. In this manner a single relatively
small safety related error in the battery system or in BMS
will not cause complete standstill of the vehicle due to the
battery system being disconnected. As charging of the
battery system, e.g. due to regenerative braking, 1s prohib-
ited i the limp home mode as well as the disconnect mode,
the risk of outgassing of the battery system due to a thermal
event 1s reduced. The risks associated with errors which
result in the limp home mode and the disconnect mode are
thus at least partially mitigated, while in the limp home
mode the vehicle can keep on driving without the use of a
power supply other than the battery system.

The predetermined rated ranges of the battery cells which
define normal operation ranges for battery cells are generally
provided by the manufacturers of the battery cells. The
predetermined safety margin of the battery system depends
on these rated ranges, and generally also depends on how
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many of the cells operate outside of their rated ranges. For
instance, the individual battery cells may be rated to operate
between 2.0 and 2.2 volts, at a temperature of between 10°
C. and 40° C., and may still function within their safety
margins at temperatures between 40° C. and 350° C., or at
voltages between 2.2 and 2.3 volts. The entire battery system
operates within 1ts safety margin 1f all battery cells operate
within their rated range, in which case, if no safety related
errors are detected in operation of the BMS, the BMS
remains 1n a normal mode in which charging of the battery
system 1s allowed. In case all cells operate within their rated
voltage and/or temperature ranges, but a safety related error
1s detected in the BMS which 1s within predetermined satety
margins, the BMS 1s switched to the limp home mode. In
case a hardware error 1s present in the BMS or 1n a
communication path with the BMS, this will generally result
in detection of a safety related error 1n operation of the BMS.

The safety system of the disclosure does not prohibit
limiting the discharge of the battery system when no safety
related errors are detected, e.g. when the battery system’s
State of Charge 1s merely low without any indication of
hardware errors in the BMS or hardware or other errors in
the battery system. When no safety related errors are
detected the BMS may still allow recharging of the battery
system during driving of the vehicle, e.g. via regenerative
braking.

In an embodiment, the predetermined time after which the
battery system 1s disconnected 1s between 10 and 120
seconds after the safety system has controlled the BMS to
switch to the disconnect mode. In the time between the start
of the disconnect mode and the actual disconnecting of the
battery system, a message may be displayed to the driver
warning him or her that propulsion of the vehicle will be
stopped.

In an embodiment, switching the BMS to the limp home
mode further comprises limiting the discharge power of the
battery system to a first predetermined peak discharge value
and a first predetermined continuous discharge value. The
peak discharge value refers to the maximum amount of
power that the BMS allows to be drawn from the battery
system during a predetermined time interval, e.g. a time
interval of 20 second or less, or 10 seconds or less, and the
continuous discharge value here refers to maximum amount
of power that the BMS allows to be drawn from the battery
system for prolonged period of time which 1s greater than the
predetermined time interval, e.g. at least 10 minutes. Pref-
erably, the first predetermined peak discharge value 1s 60
kW or less, preferably 45 kW or less over max. 10 seconds,
and preferably the first predetermined continuous discharge
value 1s 25 kKW or less, preferably 20 kW or less.

In an embodiment the safety system 1s adapted for, upon
detection of one or more safety related errors 1n operation of
the BMS and/or in operation of a battery system of the
vehicle, controlling the BMS during driving of the vehicle,
to switch to: ¢) a degraded performance mode, 1n case 1t 1s
detected that only one or two battery cells of the battery
system operate outside their predetermined rated voltage
range and/or outside their predetermined rated temperature
range but within predetermined safety margins, wherein in
the degraded performance mode charging of the battery
system 1s blocked and peak discharge power of the battery
system 1s limited to within a second predetermined dis-
charge value.

It 1s fairly common for one or two cells of a battery system
to, at least temporarily, operate outside their rated voltage
and/or rated temperature range but within predetermined
safety margins. As long as only one or two cells have such
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an error, the risk of a thermal event occurring in the battery
system 1s generally very low. If no further safety related
errors are detected, the safety system will then control the
BMS to switch to the degraded performance mode 1n which
charging of the battery, e.g. regenerative charging, 1is
blocked to prevent further damage to the battery system.

Preferably, the safety system 1s adapted for controlling the
BMS to switch to the limp home mode, degraded perfor-
mance mode (1f available) or disconnect mode, i1 the con-
ditions therefor are met while the vehicle 1s driving. In
particular when a vehicle 1s driving 1t 1s desirable to provide
a graceful degradation of the vehicle’s performance and
avoild sudden loss of propulsion power of the vehicle.

In an embodiment the safety system 1s adapted for con-
trolling the BMS, 1n case the BMS 1s switched to the
degraded performance mode or to the limp home mode, to
maintain supply of power from the battery system to one or
more consumers of the first group of consumers, and to
disconnect the battery system from one more of the con-
sumers of the second group of consumers. In this manner the
amount of power drawn from the battery system 1s reduced,
and consequently the risk of damage to the battery system
which may be dangerous to the vehicle’s occupants 1s
reduced. Preferably, consumers of the second group con-
sumers which are disconnected from the battery system
include a heating system of the vehicle for heating the
battery system and/or an air conditioning system of the
vehicle for conditioning the air within the vehicle. These
systems are known to draw significant amounts ol power,
and by disconnecting these from the battery system the total
power draw from the battery system may be reduced to an
extent that prevents further damage to the battery system.

In an embodiment the safety system 1s adapted for deter-
mining that the battery cells operate outside the predeter-
mined voltage range and/or the predetermined temperature
range but within predetermined safety margins, 1n case of
only one of:

1) one or two cells of the battery system are detected to
operate at a voltage outside of the predetermined volt-
age range but within a predetermined safety margin
thereof, for less than a first predetermined amount of
time; or

11) one or more battery cells of the battery system 1s
detected operate at a temperature of between —40° C.
and 10° C. for less than a second predetermined amount
of time.

Thus, 11 only 1) or 1) 1s detected, the battery system 1s not
necessarily switched to the disconnected mode, and 1nstead
may be switched to the degraded performance mode or the
limp home mode. In this manner, a minor detected safety
related error does not have to result 1n cutting power from
the battery system to the vehicle’s propulsion system. With
regard to 1) 1t 1s noted that the battery system should
generally be operated at a temperature above 10° C., and
operation of the battery system when it 1s at a temperature
below —40° C. should generally be avoided.

The voltage and/or temperature at which the battery cells
operate may for instance be detected using cell voltage
temperature nodes (CVTNs) which are integrated in the
battery system of the vehicle. Preferably, the first predeter-
mined amount of time 1s 60 seconds or less, and/or the
second predetermined amount of time 1s 180 seconds or less.

In an embodiment the safety system 1s adapted for con-
trolling the BMS to switch to the disconnect mode 1n case of
one or more of:

one or two cells of the battery system are detected to
operate at a voltage outside of the predetermined volt-
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age range but within a predetermined safety margin
thereof, for less than a first predetermined amount of
time; and one or more battery cells of the battery
system 1s detected to be at a temperature between —40°

C. and 10° C. for less than a second predetermined > mode,

amount of time;

any of the cells of the of the battery system 1s detected to
operate for more than the predetermined amount of
time at a voltage outside of the predetermined voltage
range but within a predetermined safety margin thereof;

any of the cells of the battery system 1s detected to operate
with a voltage outside of the predetermined safety
margin;
one or more battery cells of the battery system 1s detected
to be at a temperature of between —40° C. and 10° C.
for more than said predetermined amount of time; or

one or more battery cells of the battery system 1s detected
to be at a temperature below 40° C.

The BMS 1s switched to the disconnect mode in case
safety related errors are detected that may pose a risk of
injury to the vehicle’s occupants, and 1n case multiple less
serious errors are detected, e.g. when both 1) and 11) occur at
the same time. Preferably, the safety system 1s adapted for
switching the BMS to the disconnect mode if 1t 1s detected
that three or more cells of the battery system operate outside
the predetermined voltage and/or temperature range.

In an embodiment the satety system 1s adapted for detect-
ing a safety related error in the BMS 1n case of one or more
of:

detected internal malfunctioning of a Cell Management

System of the BMS;

loss of communication with the Cell Management Sys-

tem; or

loss of communication with one or more of Cell Voltage

Temperature Nodes (CVTNs) of the battery system,
¢.g. detected by the BMS.

In case of a single such error, the safety system may
switch the BMS to the limp home mode. However, 1n case
of more than one of these errors 1s detected, the safety
system will generally switch the BMS to the disconnect

mode. The safety system may be equipped with a BMS
diagnostics system that 1s configured to be connected to the
BMS and adapted for detecting the above safety related
CITOrs.
In an embodiment the safety related error of the BMS
and/or of the battery system 1s a safety related error in ASIL
category B, C, or D. In this embodiment, switching to the
limp home mode, the degraded performance mode and the
disconnect mode modes 1s carried out upon detection of
safety related errors of the BMS and/or of the battery system
only i1 these errors are errors in ASIL category B, C, or D.
The safety system 1s preferably adapted for, when determin-
ing whether to switch to the limp home mode, the degraded
performance mode or the disconnect mode, 1gnoring errors
in ASIL category QM.
In an embodiment, the safety system 1s adapted to be
connected to a driver display unit of the vehicle and 1is
adapted for controlling the display unit to:
display a message indicating that the performance of the
propulsion system of the vehicle 1s reduced, 1n case the
BMS 1s switched to the degraded performance mode;

display a message indicating that the vehicle should be
driven to a service provider, e.g. a workshop or an
authorized dealer, 1n case the BMS 1s switched to the
limp home mode; or
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display a message indicating that the vehicle’s propulsion
will be stopped within a predetermined time limit, in
case the BMS 1s switched to the disconnect mode.
Preferably, 1n case the BMS i1s switched to the limp home
the message also indicates the number of vehicle
restarts that are still allowed until restarting of the vehicle 1s
blocked. If the BMS 1s switched to the disconnect mode,
preferably the message 1s repeatedly updated to show the
amount of time left until the battery system 1s disconnected.

According to a second aspect, the disclosure provides a
battery electric vehicle comprising a safety system accord-
ing to the first aspect of the present disclosure.

In an embodiment, the vehicle further comprises:

a high voltage DC bus;

one or more consumers ol electricity connected to the
high voltage DC bus, said one or more consumers
including a first group of consumers with one or more
clectromotors for driving movement of the vehicle;

a battery system for providing power to the one or more
consumers via the high voltage DC bus, wherein the
battery system comprises battery cells rated for regular
operation within a predetermined voltage range and a
predetermined temperature range;

a battery management system (BMS) adapted for control-
ling power output from the battery system to the one or
more consumers; and

a battery diagnostics system adapted for detecting safety
related errors in operation of the battery system, com-
prising cell voltage temperature nodes (CVTNs) for
detecting temperatures and output voltages of battery
cells of the battery system.

The vehicle, which 1s adapted for transport of persons
and/or goods, 1s thus provided with a gracetul degradation of
performance 1n case of errors, so that when low-risk errors
are detected the vehicle can keep on driving without requir-
ing a redundant power system for powering the one or more
electromotors. In case low risk errors are detected, the risk
of damaging the battery system 1s reduced by preventing
charging of the battery system.

In an embodiment the vehicle 1s a non-hybrid electric
vehicle i which the battery system forms a non-redundant
power supply for powering the consumers of the first group
of consumers for a prolonged period of time, e.g. a period of
time of at least 10 minutes. The disclosure thus allows
graceful degradation in performance of the vehicle,

In an embodiment the vehicle further comprises a heating,
system adapted for heating the battery and connected to the
BMS, and/or further comprises an air conditioning system
adapted for conditioming the air temperature within the
vehicle and connected to the BMS. The heating system and
air conditioning system do not form part of the first group of
consumers, and can be disconnected from the battery system
in case the BMS 1s switched to the limp home mode or the
degraded performance mode.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be discussed 1n more detail
below, with reference to the attached drawings, in which:

FIG. 1 schematically shows a battery electric vehicle
according to the mmvention;

FIG. 2 provides an example of detected safety related
errors which result 1n the degraded performance mode, the
limp home mode and the disconnect mode.

DESCRIPTION OF EMBODIMENTS

FIG. 1 shows electric vehicle 100 that 1s provided with a
safety system 180 of the mnvention. The vehicle 1s an
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non-hybrid electric vehicle, 1.e. 1s not equipped with an
internal combustion engine for generating power to drive
movement of the vehicle. Instead, the vehicle 1s provided
with a battery system 120 which comprises a plurality of
battery cells 121, as well as a battery diagnostics system 123
which comprises cell voltage temperature nodes (CVTNs)
122 adapted for detecting cell temperatures and output
voltages of battery cells 121. The battery cells 121 are rated
for regular operation within a predetermined voltage range
and within a predetermined temperature range. The battery
system may still function within predetermined safety mar-
gins without posing a significant risk of danger 1n case only
one or two of the cells operate outside of the predetermined
ranges. The predetermined ranges are generally provided by
the manufacturers of the battery cells, and the safety margins
ol the battery system depend thereon. Besides being adapted
for detecting safety related errors of the battery system, the
battery diagnostics system 123 shown 1s also adapted for
monitoring regular operation of the battery system, e.g. to
determine a State of Charge (SoC) of the battery system 120
even when no safety errors are detected.

The battery system 1s adapted for providing high voltage
power, 1.e. at a voltage of at least 360 V, to a battery
management system (BMS), which BMS 1s adapted for
selectively providing power to one or more consumers of
clectricity. The consumers include a electromotor M that 1s
adapted for converting high voltage electricity into motion
of wheels 102 for propelling movement of the vehicle, and
for providing electrical energy generated during regenera-
tive braking, via the BMS, to the battery system to partially
charge the battery system. In FIG. 1, wheels 103 are not
powered, though a powered steering system 160, here shown
schematically, 1s provided for assisting in steering the
wheels 103. The steering system 160 1s powered by the
battery system via the BMS 130.

The BMS is connected to further electricity consumers in
the form of a heating system 140 for heating the battery
system, and an air conditioning system 150 for conditioning
the air in the vehicle. In contrast to the steering system 160
and the motor M, 1f these consumers of electricity are
disconnected from the battery system it 1s still possible to
drive the vehicle.

A high voltage direct current (DC) bus 110 connects the
battery system 120 to the BMS and connects the BMS 130
to the consumers M, 140, 150 and 160. The dotted lines
indicate signal lines between the battery system 120 and the
safety system 180 of the present invention, and between the
safety system 180 and the BMS 130. The safety system 180
comprises a BMS diagnostics system 183 which 1s adapted
for detecting safety related errors in operation of the BMS.

Examples of safety related errors that the diagnostics
system 185 can detect include loss of communication
between the BMS and the battery system 120, as well as
errors 1n communication of the BMS with the battery
system.

The manner 1n which the safety system 180 operates 1s
shown 1n more detail in the flow chart 200 of FIG. 2.
Generally, during driving, the BMS will be in a normal mode
of operation 1 which charging of the battery system 1is
possible. During driving, the safety system carries out the
following steps:

In step 210, the safety system 180 receives data regarding
operation of the BMS and the battery system 120. In step
220 the safety system determines whether a safety related
error has been detected 1n the BMS and/or 1n the battery
system. In case no error has been detected, the system loops
back to step 210 without changing the mode of the BMS.
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Otherwise, 1f one or more safety related errors have been
detected, 1t 1s first checked 1n step 230 whether these errors
are likely to cause serious damage to the vehicle and/or 1ts
occupants unless the battery system 1s disconnected, e.g.
when there 1s a risk of harmiful outgassing of the battery cells
and/or risk of a thermal event of the battery system occur-
ring. This may for instance be the case 11 the battery system
operates outside of the predetermined safety margins, and/or
if the BMS operates outside of 1ts predetermined safety
margins. If so the BMS 1s switched to the disconnect mode
in step 235, which comprises completely disconnecting the
battery system from all consumers, 1.e. from electromotor
M, battery heating system 140, air conditioning system 150
and powered steering system 160, after at least 10 seconds
from detecting the error(s) and within 120 second of the
detection. This will shut down the vehicle’s propulsion
system and will prevent the vehicle from being restarted
before repairs have been made. Preferably, a warning 1s
shown to the user on a display of the vehicle, e.g. the
dashboard display, indicating when powered propulsion of
the vehicle will be stopped. In the disconnect mode, the
vehicle 1s typically prevented from being restarted by the
driver unless the error(s) has or have been repaired.

If the error (s) 1s/are not serious enough to warrant
stopping propulsion of the vehicle within 120 seconds, it 1s
checked 1n step 240 whether the limp home mode should be
activated. This may be the case for mstance when a single
safety error 1n operation of the BMS has been detected
which 1s within predetermined safety margins and the bat-
tery diagnostics system indicates that all battery cells oper-
ate within theiwr predetermined voltage and temperature
ranges. Such a BMS error may for example be an error
detected 1 a Cell Management System of the BMS, or an
error 1n communication between the BMS and a one or more
of the CVTNs. When such errors occur it 1s advisable to
have the vehicle checked by a mechanic before allowing the
BMS to switch to 1ts normal operation mode, though 1t 1s not
necessary to halt driving of the vehicle. If the requirements
for switching the BMS to the limp home mode are met, the
BMS 1s switched to the limp home mode in step 245, which
comprises limiting the maximum discharge power for the
battery system to a predetermined peak value, e.g. at most 40
kW for a peak duration of 10 seconds or less, limiting the
maximum continuous discharge value of the battery system,
which may be maintained for a time period longer than 10
seconds, to a predetermined continuous discharge value of
¢.g. 20 kW, and limiting the number of times the vehicle may
be restarted to 20. By limiting the continuous and peak
discharge power, the risk of outgassing of the batteries
and/or of a thermal event occurring 1s reduced. Preferably, a
message 1s shown to the user on the display of the vehicle,
warning that the vehicle 1s at a reduced propulsion capacity
and should be driven to a service provider such as a vehicle
repair shop. The message may also indicate the number of
times the vehicle may still be restarted by the driver without
the error(s) having been resolved. After the limp home mode
has been activated in step 245 while the vehicle 1s being
driven, the safety system returns to step 210 during driving,
so that the disconnect mode may still be activated 11 this
becomes necessary.

If the error(s) are not serious enough to warrant activation
of the limp home mode, 1t 1s checked 1n step 250 whether the
BMS should be switched to a degraded performance mode.
This 1s the case when only one or two battery cells of the
battery system have been detected to operate outside of their
rated ranges, while these cells still operate within the pre-
determined safety ranges, and when no safety related errors
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are detected i operation of the BMS. In case only one or
two cells of the battery system are defective, the risk of this
causing 1njury to the vehicle’s occupants 1s very low. When
in step 255 the BMS 1s switched to the degraded pertor-
mance mode, charging of the battery system 1s blocked, and
discharge power of the battery 1s limited to a first predeter-
mined discharge value of e.g. 40 kW. Once the BMS has
been switched to the degraded performance mode, the safety
system continues at step 210, so that the disconnect mode or
the limp home mode may still be activated while the vehicle
1s being driven. It 1s possible that the errors in the battery
cells are of a temporary nature. It after a restart of the vehicle
no safety related errors are detected while the BMS 1s 1n
degraded mode, the safety system may switch the BMS back
to 1ts normal mode of operation,

Switching to the limp home mode 255 and/or switching to
the degraded performance mode in step 245, may include
controlling the BMS to disconnect any consumers that are
not required for propulsion, e.g. the battery heating system
140 and/or the air conditioning system 150 of the vehicle of
FIG. 1, to further reduce discharging of the battery.

In summary, the invention provides a safety system and a
vehicle provided therewith, which provides diflerent levels
of degradation of performance of the vehicle in case safety
related errors are detected, depending on a pre-estimated
severity of the safety related errors. In case 1t 1s estimated
that the risk of injury to the vehicles occupant(s) would be
greater 11 the battery 1s disconnected from the propulsion
system of the vehicle than if the vehicle 1s allowed to
continue driving with a lower maximum discharge of the
battery system, the BMS 1s switched to either the degraded
performance mode or the limp home mode. In case the risk
of injury to the vehicle’s occupant(s) 1s expected to be higher
if the vehicle continues driving than 1f propulsion of the
vehicle stopped, 1s the BMS switched to the disconnect
mode.

The 1nvention claimed 1s:

1. A safety system for an electric vehicle, wherein the
clectric vehicle further comprise consumers of electricity,
wherein the consumers of electricity are partitioned nto a
first group of consumers comprising one or more CoNsumers
associated with a powering steering system and one or more
consumers associated with a propulsion system of the elec-
tric vehicle, and a second group of consumers that are
different from the first group of consumers, the safety system
being configured to be 1 commumication with a battery
management system, BMS, of the electric vehicle;

wherein the safety system 1s adapted for, upon detection

ol one or more safety related errors 1n operation of the

BMS and/or in operation of a battery system of the

clectric vehicle, controlling the BMS to switch to:

a) a limp home mode, 1n case a safety related error 1n
operation of the BMS 1s detected which 1s within
predetermined safety margins and 1t 1s detected that
all cells of the battery system operate within their
predetermined rated voltage range and predeter-
mined rated temperature range, wherein in the limp
home mode, a charging power of the battery system
1s set to zero, supply of power from the battery
system to the first group of consumers 1s maintained,
and supply of power from the battery system to one
or more of the consumers of the second group of
consumers 1s disconnected; and

b) a disconnect mode, 1n case the battery system 1s
detected as operating outside predetermined safety
margins or one or more salety related errors 1n
operation of the BMS outside predetermined safety
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margins are detected, wherein in the disconnect
mode, the battery system 1s completely disconnected
from the first group of consumers and the second
group of consumers after a predetermined amount of
time from said detecting.

2. The safety system of claim 1, wherein the safety system
1s adapted for, upon detection of one or more safety related
errors 1n operation of at least one of the BMS or the battery
system of the electric vehicle, controlling the BMS during
driving of the electric vehicle, to switch to

¢) a degraded performance mode, 1n case it 1s detected that

only one or two battery cells of the battery system at
least one of operate outside their predetermined rated
voltage range or outside their predetermined rated
temperature range but within predetermined safety
margins, wherein in the degraded performance mode
charging of the battery system 1s blocked and peak
discharge power of the battery system i1s limited to
within a second predetermined discharge value.

3. The safety system of claim 2, wherein 1n the degraded
performance mode the supply of power from the battery
system to the first group of consumers 1s maintained, and the
supply of power from the battery system to the one or more
of the consumers of the second group of consumers 1is
disconnected.

4. The safety system of claim 1, wherein the second group
of consumers comprise at least one of one or more consum-
ers associated with a heating system for heating the battery
system or one or more consumers associated with an air
conditioning system for conditioning air within the electric
vehicle.

5. The safety system of claim 1, wherein the safety system
1s adapted for determining that the battery cells operate at
least one of outside the predetermined rated voltage range or
outside the predetermined rated temperature range but
within predetermined safety margins, in case ol only one of:

1) one or two cells of the battery system are detected to

operate at a voltage outside of the predetermined rated
voltage range but within a predetermined safety margin
thereof, for less than a first predetermined amount of
time; or

11) one or more battery cells of the battery system 1s

detected to be at a temperature between -40° C. and
10° C. for less than a second predetermined amount of
time.

6. The safety system of claim 5, wherein the safety system
1s adapted for controlling the BMS to switch to the discon-
nect mode 1n case of one or more of:

one or two cells of the battery system are detected to

operate at the voltage outside of the predetermined
rated voltage range but within the predetermined safety
margin thereof, for less than the first predetermined
amount of time; and one or more battery cells of the
battery system 1s detected to be at the temperature
between —40° C. and 10° C. for less than the second
predetermined amount of time;

any of the cells of the of the battery system 1s detected to

operate for more than the first predetermined amount of
time at the voltage outside of the predetermined rated
voltage range but within the predetermined safety mar-

gin thereof;

any of the cells of the battery system 1s detected to operate
with a voltage outside of the predetermined safety
margin;
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one or more battery cells of the battery system 1s detected
to be at the temperature of between —40° C. and 10° C.
for more than said second predetermined amount of
time; or

one or more battery cells of the battery system 1s detected
to be at a temperature below -40° C.

7. The safety system of claim 1, wherein the safety system
1s adapted for detecting the safety related error in operation
of the BMS 1n case of one or more of:

detected internal malfunctioning of a Cell Management
System of the BMS;

loss of communication with the Cell Management Sys-
tem; or

loss of communication with one or more of Cell Voltage
Temperature Nodes (CVTNs) of the battery system.

8. The safety system of claim 1, wherein the safety related
error of at least one of of the BMS or the battery system 1s
in ASIL category B, C, or D according to ISO standard
26262-9:2018.

9. The safety system of claim 1, wherein 1n the limp home
mode, discharge of the battery 1s limited to a first predeter-
mined discharge value that 1s 60 kW or less, preferably 45
kKW or less.

10. The safety system of claim 9, wherein the first
predetermined peak discharge value 1s 60 kW or less,
preferably 45 kW or less over a maximum a 10 seconds, and
wherein 1n the limp home mode, the discharge of the battery
1s further limited to a first predetermined continuous dis-
charge value that 1s 25 kW or less, preferably 20 kW or less.

11. The safety system of claim 2, wherein the safety
system 1s adapted to be connected to a driver display unit of
the electric vehicle and 1s adapted for controlling the driver
display unit to at least one of:

display a message indicating that performance of the
propulsion system of the electric vehicle 1s reduced, in
case the BMS 1s switched to the degraded performance
mode;

display a message indicating that the electric vehicle
should be driven to a service provider, 1n case the BMS
1s switched to the limp home mode; or

display a message indicating that the electric vehicle’s
propulsion will be stopped within a predetermined time
limit, 1n case the BMS 1s switched to the disconnect
mode.

12. A battery electric vehicle comprising:

a salety system for the batter electric vehicle, wherein the
battery electric vehicle further comprises consumers of
clectricity, wherein the consumers of electricity are
partitioned 1nto a {irst group of consumers comprising,
one or more consumers associated with a powering
steering system and one or more consumers associated
with a propulsion system of the electric vehicle, and a
second group of consumers that are diflerent from the
first group of consumers, the salety system being
configured to be in communication with a battery
management system, BMS, of the electric vehicle;
wherein the safety system 1s adapted for, upon detec-

tion of one or more safety related errors 1n operation

of the BMS and/or in operation of a battery system
of the battery electric vehicle, controlling the BMS
to switch to:

a) a limp home mode, in case a safety related error
in operation of the BMS 1s detected which 1s
within predetermined safety margins and 1t 1s
detected that all cells of the battery system operate
within their predetermined rated voltage range and
predetermined rated temperature range, wherein
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in the limp home mode, a charging power of the
battery system 1s set to zero, supply of power from
the battery system to the first group of consumers
1s maintained, and supply of power from the
battery system to one or more of the consumers of
the second group of consumers 1s disconnected;
and

b) a disconnect mode, 1n case the battery system 1s
detected as operating outside predetermined safety
margins or one or more safety related errors in
operation ol the BMS outside predetermined
safety margins are detected, wherein in the dis-
connect mode, the battery system 1s completely
disconnected from the first group of consumers
and the second group of consumers after a prede-
termined amount of time from said detecting.

13. The battery electric vehicle of claim 12, wherein the
battery electric vehicle 1s a non-hybrid electric vehicle in
which the battery system forms a non-redundant power
supply for powering the consumers of the first group of
consumers for a prolonged period of time.

14. The battery electric vehicle of claim 12, wherein the
second group of consumers comprise at least one of one or
more consumers associated with a heating system adapted
for heating the battery system and connected to the BMS or
one or more consumers associated with an air conditioning
system adapted for conditioning an air temperature within
the battery electric vehicle and connected to the BMS.

15. The battery electric vehicle of claim 12, wherein the
safety system 1s adapted for, upon detection of one or more
safety related errors 1n operation of at least one of the BMS
or the battery system of the battery electric vehicle, control-
ling the BMS durning driving of the battery electric vehicle,
to switch to

¢) a degraded performance mode, 1n case it 1s detected that
only one or two battery cells of the battery system at
least one of operate outside their predetermined rated
voltage range or outside their predetermined rated
temperature range but within predetermined safety
margins, wherein in the degraded performance mode,
charging of the battery system 1s blocked and peak
discharge power of the battery system 1s limited to
within a second predetermined discharge value.

16. The battery electric vehicle of claim 15, wherein 1n the
degraded performance mode the supply of power from the
battery system to the first group of consumers 1s maintained,
and the supply of power from the battery system to the one
or more of the consumers of the second group of consumers
1s disconnected.

17. The battery electric vehicle of claim 12, wherein the
safety system 1s adapted for determining that the battery
cells operate at least one of outside the predetermined rated
voltage range or outside the predetermined rated tempera-
ture range but within predetermined safety margins, in case
of only one of:

1) one or two cells of the battery system are detected to
operate at a voltage outside of the predetermined rated
voltage range but within a predetermined safety margin
thereof, for less than a first predetermined amount of
time; or

11) one or more battery cells of the battery system 1s
detected to be at a temperature between -40° C. and
10° C. for less than a second predetermined amount of
time.

18. The battery electric vehicle of claim 17, wherein the

safety system 1s adapted for controlling the BMS to switch
to the disconnect mode in case of one or more of:
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one or two cells of the battery system are detected to
operate at the voltage outside of the predetermined
rated voltage range but within the predetermined safety
margin thereof, for less than the first predetermined
amount of time; and one or more battery cells of the s
battery system 1s detected to be at the temperature
between —40° C. and 10° C. for less than the second
predetermined amount of time;

any of the cells of the of the battery system 1s detected to

14

detected internal malfunctioming of a Cell Management
System of the BMS;

loss of communication with the Cell Management Sys-
tem,; or

loss of communication with one or more of Cell Voltage
Temperature Nodes (CVTNs) of the battery system.

20. The battery electric vehicle of claim 15, wherein the

safety system 1s adapted to be connected to a driver display

operate for more than the first predetermined amount of . = ynit of the battery electric vehicle and is adapted for con-

time at the voltage outside of the predetermined rated
voltage range but within the predetermined safety mar-
gin thereof;

any of the cells of the battery system 1s detected to operate
with a voltage outside of the predetermined safety
margin; 15

one or more battery cells of the battery system 1s detected
to be at the temperature of between —40° C. and 10° C.
for more than said second predetermined amount of
time; or

one or more battery cells of the battery system 1s detected 20
to be at a temperature below -40° C.

19. The battery electric vehicle of claim 12, wherein the

safety system 1s adapted for detecting the safety related error

in operation of the BMS 1n case of one or more of:

trolling the driver display unit to at least one of:

display a message indicating that performance of the

propulsion system of the battery electric vehicle 1is
reduced, in case the BMS 1s switched to the degraded
performance mode;

display a message indicating that the battery electric
vehicle should be driven to a service provider, 1n case

the BMS 1s switched to the limp home mode; or

display a message indicating that the battery electric
vehicle’s propulsion will be stopped within a predeter-
mined time limit, 1n case the BMS 1s switched to the
disconnect mode.
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